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Abstract
Tislelizumab is an anti-programmed death receptor 1 (PD-1) monoclonal immunoglobulin G 4 antibody developed by BeiGene.
The structure of tislelizumab has been modified to maximally inhibit the binding of PD-1 to programmed death ligand 1 (PD-L1)
and minimize the binding of tislelizumab to Fcγ receptors. In clinical studies, tislelizumab has shown preliminary anti-tumor
effects in various solid tumors, such as Hodgkin’s lymphoma, urothelial carcinoma, lung cancer, gastric and esophageal cancer,
liver cancer, nasopharyngeal carcinoma, colorectal cancer, and microsatellite instability-high/mismatch repair-deficient tumors.
In addition, it also showed new promise in solid tumor treatment in combination with ociperlimab. Due to its satisfactory anti-
tumor effects, tislelizumab has received approvals in China for the treatment of classical Hodgkin’s lymphoma, urothelial
carcinoma, squamous non-small cell lung cancer, non-squamous non-small cell lung cancer, and hepatocellular carcinoma, and it
is now under investigation for a new indication in microsatellite instability-high/mismatch repair-deficient tumors. Moreover, it
has been granted orphan designations in hepatocellular carcinoma, esophageal cancer, and gastric cancer, including cancer of the
gastroesophageal junction, by the US Food and Drug Administration. Tislelizumab has an acceptable safety profile; the most
common adverse effects include fatigue, anemia, and decreased neutrophil count, while the most fatal events have been related
to respiratory infection or failure, and hepatic injury. Tislelizumab has an economic advantage compared with other well-studied
PD-1/PD-L1 inhibitors; thus, the introduction of it could provide clinical oncologists with an effective weapon against tumors
and may alleviate the burden of cancer patients.
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Introduction

The development of immunotherapies against malignancies has
inaugurated a new era in cancer therapy; among these, antibodies
against the programmed death receptor 1 (PD-1) pathway are the
most successful.1 PD-1 and programmed death ligand 1 (PD-L1)
proteins are expressed on the surface of many types of cell
components of the immune system and tumor cells, and their
expressions are regulated at the posttranslational level by both
glycosylation and ubiquitination.2 The activation of the PD-1/
PD-L1 pathway by their engagement may cause Tcell apoptosis,
anergy, exhaustion, and interleukin-10 expression, thus pro-
moting the immune evasion ofmalignant cells and facilitating the
growth of tumors.3 The underlying mechanism has suggested a
clinical utility for PD-1 blockade in anti-tumor therapy.

Anti-PD-1 antibodies have already been applied in clinical
practice. To date, measurement of PD-L1 expression by
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immunohistochemistry is the only approved marker (category
1 recommendation) to select patients who are candidates for
PD-1/PD-L1 inhibitors, as was recommended by the NCCN
guideline (https://www.nccn.org/guidelines/guidelines-detail?
category=1&id=1450). There are several anti-PD-1 anti-
bodies, such as nivolumab and pembrolizumab, approved by
the US Food and Drug Administration (FDA) for the treatment
of cancer.4 In China, the National Medical Product Admin-
istration (NMPA) have also approved several anti-PD-1 an-
tibodies,4 including tislelizumab, which was approved in
December, 2019 for use in patients with relapsed or refractory
classical Hodgkin’s lymphoma (r/r cHL) after at least second-
line chemotherapy.5 The second indication for tislelizumab is
locally advanced or metastatic urothelial carcinoma (UC) with
high PD-L1 expressions after failure of platinum-based che-
motherapy, which was approved in April 2020.6 In 2021,
tislelizumab was approved for the treatment of non-small cell
lung cancer (NSCLC) in combination with chemotherapy, and
hepatocellular carcinoma (HCC) as a single agent.7,8 Mean-
while, applications for a second-line therapy in NSCLC and in
microsatellite instability-high (MSI-H)/mismatch repair-
deficient (dMMR) solid tumors have been accepted by the
NMPA.9,10 This domestic PD-1 antibody has unique features
compared to other PD-1 antibodies and has exhibited pre-
liminary anti-tumor effects in various malignant diseases.
Here, we summarize the structural features, clinical trials, and
safety profiles of tislelizumab, in order to provide an extra
option for oncologists and patients in the fight against tumors.

Unique Structural Features of Tislelizumab

Immunoglobulin (Ig) superfamily domains are domains with
amino acid sequence and structural similarity to those in Igs,
and they are among the most common domain types in hu-
mans. PD-1 and its ligands are members of the B7/CD28/
CTLA-4 Ig subfamily. PD-1 is a type I transmembrane gly-
coprotein with a transmembrane domain; its IgV domain
locates in the extracellular part and its cytoplasmic domain
consists of two tyrosine signaling motifs, the immunoreceptor
tyrosine inhibitory motif (ITIM) and the immunoreceptor
tyrosine-based switch motif (ITSM).11,12 The extracellular
domain of PD-1 is comprised of two β sheets, the front GFCC’
strands and the back ABED strands, and the strands are
stabilized by a disulfide bond. The interaction between PD-1
and its ligands mainly involves residues on the front faces of
the PD-1 GFCC0 β-sheets, with additional contributions of the
FG loops.2

The structural bases of tislelizumab suggests that it may
well provide maximum steric abrogation to PD-L1 in its
binding to PD-1. The epitope of tislelizumab is formed on the
CC0 loop of the front β sheet face of PD-1, which is innovative
among anti-PD-1 antibodies; in comparison, other PD-1 an-
tibodies, like nivolumab and pembrolizumab, bind to the
N-terminal region and the C’D loop of PD-1, respectively
(Figure 1).13-18 The binding of tislelizumab to the front sheet

of PD-1 causes a stereospecific hindrance to PD-L1. When the
tislelizumab complex was superimposed onto the PD-1/PD-
L1 complex, the overlap of tislelizumab to the binding area of
PD-L1 to PD-1 was approximately 80%, which is significantly
larger than that of pembrolizumab or nivolumab.13,14 The total
solvent accessible area covered by the interaction between
tislelizumab and PD-1 is 2014 Å2, which was slightly larger
than the binding interface of PD-1/PD-L1 (1970 Å2); using
surface plasmon resonance, the binding affinity (Kd) of
tislelizumab/PD-1 was analyzed as 130 PM, whereas the Kd
value of the PD-1/PD-L1 interaction was confirmed as
8.2 mM.13,14,19

Tislelizumab was also engineered to minimize binding to
the Fcγ receptor (FcγR)—it is incapable of binding to FcγRI as
well as to other FcγRs.20 FcγRs on macrophages induce
phagocytosis, a mechanism of T-cell clearance and potential
resistance to anti-PD-1 therapy.5 For IgG antibodies, the in-
teraction of their Fc portion with FcγRs has been found to be
crucial for their therapeutic activities, which are induced
through antibody-dependent cellular cytotoxicity by type I
FcγR (FcγRI)-expressing effector cells, such as natural killer
cells and macrophages.21 However, anti-PD-1 antibodies have
been proved to be FcγR-independent in vivo, and the presence
of FcγR-binding capacity compromised their anti-tumor ac-
tivity.21 The majority of anti-PD-1 antibodies, such as nivo-
lumab and pembrolizumab, are of the IgG4S228P format and
are thus able to easily bind to FcγRI.5,20 In contrast, there are
several mutations in the Fc-hinge region of tislelizumab,
making it unable to bind to FcγRs.20 In reality, no antibody-
dependent cell-mediated or complement-dependent cytotox-
icity has been observed in activated T cells treated with high
concentrations of tislelizumab, up to 100 μg/mL in vitro.22

Pharmacological Characteristics of Tislelizumab

Tislelizumab is able to bind to human PD-1 with high
specificity and affinity, with the disassociation constant being
.15 nmol/L.5 At the 5 mg/kg dose, PD-1 receptor occupancy is
>90%.23 In clinical trial NCT02407990, the emergence of
anti-drug antibodies occurred in 18.7% of patients across the
study, with one patient (.3%) positive for neutralizing anti-
bodies; the half-life of tislelizumab was 16.8±5.5 days.23 The
volume of distribution is 4.41 L after a single infusion of
tislelizumab 200 mg, and 5.247 L at steady state.5 Following a
single dose of tislelizumab 200 mg, the clearance of tisleli-
zumab was .247 L/day and the half-life was 13.3 days.5 In ex
vivo tumor spheroids, tumor-infiltrating lymphocytes were
potently activated by tislelizumab, as evaluated by increased
IFN-γ production and tumor-infiltrating lymphocyte prolif-
eration.24 In colorectal cancer (CRC) patients, tislelizumab
treatment at concentration levels of .1, 1, and 10 μg/mL could
also lead to higher IFN-γ production than in the nivolumab or
pembrolizumab treated groups.25 Based on the above pre-
clinical data and preliminary pharmacological tests, tisleli-
zumab was tested in therapeutic clinical trials.
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Figure 2. Timeline of preclinical and clinical studies of tislelizumab. Dates indicate the time when the latest study results were available online.
UC, urothelial carcinoma; NPC, nasopharyngeal carcinoma; r/r cHL, relapsed or refractory classical Hodgkin’s lymphoma; ESCC,
esophageal squamous cell carcinoma; G/GEJ, gastric/gastroesophageal junction cancer; HCC, hepatocellular carcinoma; MSI-H/dMMR,
microsatellite instability-high/mismatch repair-deficient tumors; ST, solid tumors; FDA, Food and Drug Administration; NMPA, National
Medical Product Administration; NSCLC, non small cell lung cancer.

Figure 1. Comparison of the structures of PD-1 in complex with nivolumab-Fab (A) (PDB code: 5WT9), pembrolizumab-Fab (B) (PDB
code: 5JXE), and tislelizumab-Fab (C,D) (PDB code: 7BXA, 7CGW). Images were acquired from the Protein Data Bank and relevant
research was conducted by Tan S et al, Na Z et al, Lee SH et al, and Hong Y et al, respectively.13-18 L chain, light chain; H chain, heavy chain;
LCDRs, complementary determining regions of the light chain; HCDRs, complementary determining regions of the heavy chain; PD-1,
programmed death protein 1.

Zhang et al. 3



Therapeutic Clinical Trials

There are 16 published clinical studies on tislelizumab, 4
phase I studies, 8 phase II studies, and 4 phase III study
(Figure 2), with the primary endpoints being safety and tol-
erability for the phase I studies, overall response rate (ORR)
for the phase II studies, and progression-free survival (PFS) or
overall survival (OS) for the phase III studies.23,26-40 In the
dose-escalation phase and fixed-dose expansion phase of the
first-in-human study (NCT02407990), the recommended dose
and schedule of tislelizumab was determined to be 200 mg
every 3 weeks (q3w).23 Based on the verified dosage, the
indication expansion phase of NCT02407990 and
CTR20160872 were carried out in patients with solid tumors.
In that phase, patients with solid tumors, including melanoma,
renal cell cancer, nasopharyngeal carcinoma (NPC), HCC, UC
and NSCLC, experienced ORRs ranging from 9.5% to
42.9%.23,27

The recommended phase II dose for the combination of
tislelizumab and pamiparib, an oral PARP 1/2 inhibitor, was
tislelizumab 200 mg q3w plus pamiparib 40 mg twice daily.
The combination plan was generally well tolerated in patients
with solid tumors and had clinical benefits. In the phase Ia
part of NCT02660034, tislelizumab was used in combination
with pamiparib in 49 patients with advanced solid tumors.26

The 49 patients had tumors of the ovary, fallopian tube,
pancreas, prostate, and breast, and were divided into 5 co-
horts treated with different doses. The combination plan
resulted in a 20.4% (10/49) ORR, with 100% treatment-
emergent adverse events and no grade 5 adverse events
among all included patients.26 The clinical efficacy of ti-
slelizumab in published studies is summarized in Table 1 and
illustrated as follows.

Efficacy of Tislelizumab in Hodgkin’s Lymphoma

Tislelizumab has exhibited a satisfactory anti-tumor effect in
patients with r/r cHL.5 In a phase II, single-arm, multicenter
study (NCT03209973), 70 patients with r/r cHL that expe-
rienced at least second-line chemotherapy and were ineligible
for or not responsive to autologous stem cell transplantation
were included and received tislelizumab 200mg intravenously
q3w.28 The independently assessed ORR, defined as the sum
of complete response and partial response, was 87.1% (61/
70).28 The efficacies of nivolumab and pembrolizumab in r/r
cHL patients were tested in the trials CHECKMATE-205 and
KEYNOTE-087, respectively.41,42 In the 2 studies, the ORRs
for r/r cHL patients treated with nivolumab (3 mg/kg, q2w)
and pembrolizumab (200 mg, q3w) were 69.1% (168/243) and
69.0% (145/210), respectively.41,42 Moreover, the complete
response rate of tislelizumab (62.9%, 44/70) seemed much
higher than nivolumab (8.8%, 7/80) or pembrolizumab
(22.4%, 47/210). The satisfying anti-tumor effects of tisleli-
zumab in r/r cHL patients contributed to its first approval by

the NMPA in December, 2019.43 In the 3-year follow-up of
NCT03209973, PFS of 31.5 months was observed.44 In ad-
dition, a multicenter, open-label, randomized controlled phase
III study NCT04486391, that aims to further compare the
benefit of tislelizumab to chemotherapy in r/r cHL patients, is
ongoing.45 These studies have shown the bright prospect of
tislelizumab in r/r cHL therapy.

Efficacy of Tislelizumab in Urothelial Carcinoma

The anti-tumor effect of tislelizumab in UC patients has been
verified, and the indication has been approved. In two phase I
studies, the ORRs of tislelizumab monotherapy in UC were
29.4% (5/17) in NCT02407990 and 13.6% (3/22) in
CTR20160872.23,27,38 The difference of ORRs between the 2
studies might be attributed to random fluctuation, since the
sample sizes are small, difference in patient races, since all
patients in the UC cohort of NCT02407990 are caucasian, or
the patients’ treatment status, since eligible patients have
received previous treatment in NCT02407990, while enrolled
patients must have failed in all available standard treatments or
be intolerant of them in CTR20160872. Nevertheless, based
on the preliminary results, research of tislelizumab in UC
progressed to phase II NCT04004221/CTR20170071, in
which 113 patients with locally advanced or metastatic PD-
L1+ UC who progressed during/following a platinum-based
chemotherapy were treated with tislelizumab; the ORR
achieved by tislelizumab monotherapy was 24.0% (25/104),
and the disease control rate (DCR) was 38.5% (40/104), with
the median PFS and median OS being 2.1 months and 9.8
months, respectively.30 In CHECKMATE-032, 78 patients
with metastatic UC were enrolled and treated with nivolumab
at 3 mg/kg q2w; the confirmed ORR was shown to be 24.4%
(19/78), while the DCR was 52.6% (41/78), with the median
PFS and median OS being 2.8 months and 9.7 months, re-
spectively.46 In KEYNOTE-052, 370 treatment-naive patients
with locally advanced/unresectable or metastatic UC were
treated with 200 mg pembrolizumab intravenously q3w until
confirmed disease progression, intolerable toxicity, physician/
patient decision to withdraw, or completion of 24 months of
treatment; the achieved ORR was 28.6% (106/370), the DCR
was 46.8% (173/370), the median PFS was 2.2 months, and
the median OS was 11.3 months.47 The study populations and
treatment status in these clinical trials are different. Patients in
KEYNOTE-052 have not received prior systemic chemo-
therapy, while patients in NCT04004221 have received pre-
vious chemotherapy. The satisfactory anti-tumor effects of
tislelizumab shown in UC have led to its second approval in
April, 2020.6

Efficacy of Tislelizumab in Lung Cancer

Tislelizumab monotherapy has exhibited preliminary anti-
tumor effects in NSCLC and the foundation for further
studies was laid. In the indication expansion part of

4 Cancer Control



T
ab

le
1.

C
lin
ic
al
ef
fi
ca
cy

of
tis
le
liz
um

ab
in

pr
os
pe
ct
iv
e
cl
in
ic
al
st
ud

ie
s.

C
lin
ic
al

st
ud
ie
s

C
T
R
20
16
08
72

N
C
T
02
40

79
90

N
C
T
02
40

79
90

N
C
T
04
00

42
21
/

C
T
R
20
17
00
71

N
C
T
03
20

99
73

C
T
R
20
16
08
72

N
C
T
03
41
98
97

N
C
T
03
73

68
89

N
C
T
02
66
00

34
N
C
T
03
46

95
57

R
A
T
IO

N
A
LE

30
2/

N
C
T
03
43

08
43

N
C
T
03
43

25
98

R
A
T
IO

N
A
LE

30
7/

N
C
T
03
59

47
47

R
A
T
IO

N
A
LE

30
7

(≥
65

ye
ar
s)

R
A
T
IO

N
A
LE

30
4/

N
C
T
03
66

32
05

A
dv
an
T
IG
-

10
5/

N
C
T
04
04
78

62

R
ac
es

C
hi
ne
se

64
.3
%

C
au
ca
si
an
,

28
.8
%

A
si
an

C
au
ca
si
an

96
%
C
hi
ne
se
,4

%
K
or
ea
n

C
hi
ne
se

C
hi
ne
se

G
lo
ba
l

C
hi
ne
se

89
.8
%

C
au
ca
si
an
,

10
.2
%

A
si
an

C
hi
ne
se

G
lo
ba
l

C
hi
ne
se

C
hi
ne
se

C
hi
ne
se

C
hi
ne
se

G
lo
ba
l

T
um

or
ty
pe

ST
ST

U
C

U
C

r/
r
cH

L
N
PC

H
C
C

M
SI
-H

/d
M
M
R

ST
ES
C
C
,G

/G
EJ

ES
C
C

N
SC

LC
,S

C
LC

sq
N
SC

LC
sq

N
SC

LC
ns
q
N
SC

LC
ST

N
um

be
rs

of
ca
se
s

30
0

45
1

17
11
3

70
20

24
9

80
49

15
,1

5
25
6,

25
6

37
,1

7
12
0,

11
8,

11
7

39
,5

2,
36

22
3,

11
1

24

T
he
ra
pe
ut
ic

re
gi
m
en

T
is
le
liz
um

ab
m
on

ot
he
ra
py

T
is
le
liz
um

ab
m
on

ot
he
ra
py

T
is
le
liz
um

ab
m
on

ot
he
ra
py

T
is
le
liz
um

ab
m
on

ot
he
ra
py

T
is
le
liz
um

ab
m
on

ot
he
ra
py

T
is
le
liz
um

ab
m
on

ot
he
ra
py

T
is
le
liz
um

ab
m
on

ot
he
ra
py

T
is
le
liz
um

ab
m
on

ot
he
ra
py

tis
le
liz
um

ab
pl
us

pa
m
ip
ar
ib

tis
le
liz
um

ab
pl
us

ch
em

ot
he
ra
py

tis
le
liz
um

ab
,

ch
em

ot
he
ra
py

tis
le
liz
um

ab
pl
us

ch
em

ot
he
ra
py

ar
m

A
,a
rm

B,
ar
m

C
ar
m

A
,a
rm

B,
ar
m

C
gr
ou

p
A
,g
ro
up

B
tis
le
liz
um

ab
pl
us

oc
ip
er
lim

ab

O
R
R

18
.4
%

(4
1/
22
3)

13
.3
%

(6
0/
45
1)

29
.4
%

(5
/1
7)

24
%

(2
5/
10
4)

87
.1
%

(1
6/
70
)

20
.0
%

(3
/1
5)

12
.2
%

(3
1/
24
9)

45
.9
%

(3
4/
74
)

20
.4
%

(1
0/
49
)

46
.7

(7
/1
5)
,4

6.
7

(7
/1
5)

20
.3
%
,9

.8
%

62
.2
%

(2
3/
37
),

76
.5
%

(1
3/
17
)

60
.0
%
(7
2/

12
0)
,6
3.
6%

(7
5/

11
8)
,5
1.
3%

(6
0/

11
7)

69
.2
%
,7

5.
0%

,
50
.0
%

57
.4
%
(1
28

/2
23
),

36
.9
%
(4
1/
11
1)

1
PR

D
C
R

-
44
.6
0%

47
.1
%

(8
/1
7)

38
.5
0%

92
.9
%

(6
5/
70
)

80
.0
%

(1
2/
15
)

N
A

71
.6
%

(5
3/
74
)

53
.1
0%

80
.0
%

(1
2/
15
),

N
A

91
.9
%

(3
4/
37
),

72
.5
%
(8
7/

12
0)
,7
7.
1%

(9
1/

11
8)
,6
8.
4%

(8
0/

11
7)

N
A

89
.2
%
(1
99
/2
23
),

81
.1
%

(9
0/
11
1)

9
SD

(2
01
/4
51
)

(4
0/
10
4)

(2
6/
49
)

66
.7
%

(1
0/
15
)

88
.2
%

(1
5/
17
)

O
S

11
.5

m
10
.3

m
N
A

9.
8
m

—
—

12
.4

m
N
A

38
8
d

N
A

8.
6
m
,6

.3
m

N
A
,1

5.
6
m

N
A
,N

A
,N

A
N
A

N
A
,N

A
N
A

PF
S

2.
6
m

2.
1
m

N
A

2.
1
m

31
.5

m
—

2.
7
m

N
A

92
d

10
.4

m
,6

.1
m

N
A

-,
7.
6
m
,7
.6
m
,5
.5
m

9.
7
m
,9

.7
m
,5

.2
m

9.
7
m
,7

.6
m

N
A

G
ra
de

1-
5

T
R
A
Es

-
96
.7
%

(4
36
/4
51
)

N
A

93
.8
%

(1
06
/1
13
)

97
.1
%

(6
8/
70
)

46
.7
%

(7
/1
5)

N
A

N
A

10
0%

(4
9/
49

)
10
0%

(3
0/
30
)

N
A

10
0%

(5
4/
54
)

10
0%

(1
20
/1
20

),
99
.2
%
(1
17
/1
18
),

10
0%

(1
17
/1
17
)

N
A

10
0%

(2
22
/2
22
),

99
.1
%
(1
09
/1
10

)
83
.3
%

(2
0/
24
)

G
ra
de

3-
5

T
R
A
Es

39
.7
%

(1
19
/

30
0)

47
.0
%

(2
12
/4
51
)

N
A

44
.2
%

(5
0/
11
3)

31
.4
%

(2
2/
70
)

0
N
A

47
.5
%

(3
8/
80
)

—
76
.7
%

(2
3/
30
)

19
%
,5

6%
79
.6
%

(4
3/
54
)

85
.8
%
(1
03
/1
20
),

83
.9
%

(9
9/
11
8)
,

80
.3
%

(9
4/
11
7)

84
.6
%

(3
3/
39
),

84
.6
%

(4
4/
52
),

82
.4
%

(2
8/
34
)

67
.6
%
(1
50

/2
22
),

53
.6
%

(5
9/
11
0)

8.
3%

(2
/2
4)

G
ra
de

5
T
R
A
Es

4.
0%

(1
2/
30
0)

3.
1%

(1
4/
45
1)

N
A

2.
7%

(3
/1
13
)

0
0

0.
8%

(2
/2
49
)

0
0

3.
3%

(1
/3
0)

14
%
,1

2%
1.
9%

(1
/5
4)

0.
8%

(1
/1
20
),
1.
7%

(2
/1
18
),
2.
6%

(3
/

11
7)

N
A

1.
4%

(3
/2
22
),

0.
9%

(1
/1
10
)

0

A
bb
re
vi
at
io
ns
:O

R
R
,o

ve
ra
ll
su
rv
iv
al
ra
te
;D

C
R
,d
is
ea
se

co
nt
ro
lr
at
e;
O
S,
ov
er
al
ls
ur
vi
va
l;
PF
S,
pr
og
re
ss
io
n-
fr
ee

su
rv
iv
al
;T

R
A
Es
,t
re
at
m
en
t-
re
la
te
d
ad
ve
rs
e
ef
fe
ct
s;
ST

,s
ol
id
tu
m
or
s;
U
C
,u
ro
th
el
ia
lc
ar
ci
no

m
a;

N
A
,n
ot

av
ai
la
bl
e;
r/
r
cH

L,
re
la
ps
ed

or
re
fr
ac
to
ry

cl
as
si
ca
lH

od
gk
in
ly
m
ph

om
a;
N
PC

,n
as
op

ha
ry
ng
ea
lc
ar
ci
no

m
a;
H
C
C
,h
ep
at
oc
el
lu
la
r
ca
rc
in
om

a;
M
SI
-H

/d
M
M
R
,m

ic
ro
sa
te
lli
te

in
st
ab
ili
ty
-h
ig
h/
m
is
m
at
ch

re
pa
ir
-

de
fi
ci
en
tt
um

or
;E
SC

C
,e
so
ph
ag
ea
ls
qu
am

ou
sc
el
lc
ar
ci
no

m
a;
G
/G

EJ
,g
as
tr
ic
/g
as
tr
oe

so
ph
ag
ea
lj
un

ct
io
n
ca
nc
er
;N

SC
LC

,n
on

-s
m
al
lc
el
ll
un
g
ca
nc
er
;S
C
LC

,s
m
al
lc
el
ll
un

g
ca
nc
er
;s
q,
sq
ua
m
ou

s;
ns
q,
no

n-
sq
ua
m
ou

s;
ar
m

A
,p
at
ie
nt
s
re
ce
iv
in
g
tis
le
liz
um

ab
pl
us

pa
cl
ita
xe
l,
ca
rb
op

la
tin

;a
rm

B,
pa
tie

nt
s
re
ce
iv
in
g
tis
le
liz
um

ab
pl
us

na
b-
pa
cl
ita
xe
l,
ca
rb
op

la
tin

;a
rm

C
,p
at
ie
nt
s
re
ce
iv
in
g
pl
ac
eb
o
pl
us

pa
cl
ita
xe
l,
ca
rb
op

la
tin

;g
ro
up

A
,

tis
le
liz
um

ab
pl
us

ch
em

ot
he
ra
py
;g
ro
up

B,
ch
em

ot
he
ra
py

al
on

e;
PR

,p
ar
tia
lr
em

is
si
on

;S
D
,s
ta
bl
e
di
se
as
e.

Zhang et al. 5



NCT02407990, the ORR of tislelizumab monotherapy in
previously treated or untreated NSCLC patients was 12.2%
(6/49),23 and in the phase II part of CTR20160872, tisleli-
zumab monotherapy resulted in an ORR of 17.9% (10/56) in
previously treated NSCLC patients.27 In comparison, in a
phase II study CHECKMATE-063, nivolumab monotherapy
achieved an ORR of 14.5% (17/117) in treated NSCLC pa-
tients, and in a phase I study KEYNOTE-001, whose primary
endpoint is ORR, pembrolizumab achieved an ORR of 40.6%
(41/101) in treatment-naive NSCLC patients, and an ORR of
22.7% (102/449) in previously treated NSCLC patients,
respectively.48,49 The patients in CHECKMATE-063 and
NCT02407990 were mainly caucasian (84.6% vs. 64.3%), the
patients in CTR20160872 were Chinese, while the race of
patients in KEYNOTE-001 were not mentioned. Neverthe-
less, based on the 2 studies of tislelizumab, the NMPA ac-
cepted the listing application of tislelizumab monotherapy in
NSCLC as a second-line or further therapy, and phase III trials
on NSCLC have been conducted.10

Tislelizumab plus chemotherapy has conferred a better
clinical benefit than chemotherapy alone in NSCLC and has
received two approvals. In a multicenter, open-label, phase II
study (NCT03432598), tislelizumab in combination with
platinum-based chemotherapy was tested in 54 patients with
advanced lung cancer and showed preliminary anti-tumor
efficacy.29 In the study, the ORR in the NSCLC patients
was 62.2% (23/37), and that in small cell lung cancer was
76.5% (13/17).29 Later, in a phase III study NCT03594747/
RATIONALE 307, the addition of tislelizumab to chemo-
therapy was related to an improved PFS compared to che-
motherapy alone in patients with squamous NSCLC, which
laid a foundation for its approval in this disease in January,
2021.7,32 In RATIONALE 307, 360 patients with locally
advanced (stage IIIB) or metastatic (stage IV) squamous
NSCLC were randomly assigned to receive 1 of the following
regimens intravenously every 3 weeks: tislelizumab (200 mg,
day 1) plus paclitaxel (175 mg/m2, day 1) and carboplatin
(area under the concentration [AUC] of 5, day 1) (arm A, n =
120); tislelizumab (200 mg, day 1) plus nab-paclitaxel
(100 mg/m2, days 1, 8, and 15) and carboplatin (AUC of
5, day 1) (arm B, n = 119); or paclitaxel (175 mg/m2, day 1)
and carboplatin (AUC of 5, day 1) (arm C, n = 121).32 The
median PFS of arm A (7.6 months) and arm B (7.6 months)
were significantly longer than that of arm C (5.5 months), with
an HR of .524 between arms A and C (P < .001), and an HR of
.478 between arms B and C (P < .001).32 In patients aged ≥65
years, the median PFS achieved in arm A (9.7 months) or arm
B (9.7 months) was also longer than arm C (5.2 months), with
an HR of .602 between arms A and C (95% confidence in-
terval .309-1.175), and an HR of .564 (95% confidence in-
terval .302-1.052) between arms B and C.37 Recently, the
result of another phase III trial NCT03663205/RATIONALE
304 has been released, showing that PFS was significantly
longer with tislelizumab plus chemotherapy compared to
chemotherapy alone in advanced or metastatic non-squamous

NSCLC patients (patient numbers: 222 vs. 110; median PFS:
9.7 vs. 7.6 months, HR = .645, P = .0044) and was the basis for
the fourth indication of tislelizumab.8,33 In RATIONALE 304,
non-squamous NSCLC patients in arm A received tislelizu-
mab 200 mg plus platinum-based chemotherapy (carboplatin
area under the curve 5 or cisplatin 75 mg/m2 in combination
with pemetrexed 500 mg/m2) once every 3 weeks intrave-
nously for four to six cycles (at investigator’s discretion)
during induction treatment, followed by maintenance tisleli-
zumab plus pemetrexed treatment; patients in arm B received
platinum-based chemotherapy (carboplatin area under the
curve 5 or cisplatin 75 mg/m2 in combination with pemetrexed
500 mg/m2) every 3 weeks for four to six cycles (at inves-
tigator’s discretion) during induction treatment, followed by
maintenance pemetrexed treatment.33

Efficacy of Tislelizumab in Gastric and
Esophageal Cancer

Tislelizumab in combination with chemotherapy was effective
in gastric/gastroesophageal junction cancer (G/GEJ). In phase
I/II studies, tislelizumab achieved ORRs of 13.0% (7/54) in a
caucasian-predominant population and 16.7% (4/24) in Chi-
nese patients with gastric cancer.23,27 In a single-arm, mul-
ticenter, phase II study (NCT03469557), 30 patients with
esophageal squamous cell carcinoma (ESCC) or G/GEJ were
given tislelizumab plus chemotherapy.31 Patients with G/GEJ
experienced an ORR of 46.7% (7/15 patients) and a DCR of
66.7% (10/15) after treatment with tislelizumab, oxaliplatin
and capecitabine.31 In contrast, nivolumab plus capecitabine
and oxaliplatin contributed to an ORR of 76.5% (13/17), while
pembrolizumab plus cisplatin, and 5-fluorouracil or capeci-
tabine achieved an ORR of 60.0% (15/25), and a DCR of
80.0% (20/25).50,51 The results of tislelizumab have con-
tributed to an orphan designation by the FDA for the treatment
of G/GEJ in May 2020.52 In addition, the effect of adding
tislelizumab in chemotherapy is being confirmed in a phase III
study (NCT03777657).45

The efficacy of tislelizumab monotherapy or a combination
plan in ESCC is promising. In the phase II part of
CTR20160872, tislelizumab monotherapy in Chinese ESCC
patients that had failed all available standard treatments re-
sulted in an ORR of 7.7% (2/26) and a DCR of 34.6% (9/26).27

In phase II NCT03469557, treatment naive Chinese ESCC
patients with ESCC had an ORR of 46.7% (7/15) and a DCR
of 80.0% (12/15) after treatment with tislelizumab plus cis-
platin and 5-FU.31 In comparison, the ORR for pem-
brolizumab monotherapy in ESCC patients after 2 or more
lines of therapy was 9.9% (12/121).53 The differences might
be partially attributed to the different races and treatment
histories of the patients. In any case, tislelizumab mono-
therapy was granted an orphan designation in esophageal
cancer by the FDA in June 2019.52 Later, in a phase III study
(RATIONALE 302/NCT03430843), tislelizumabmonotherapy
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was proved to have improved the OS of ESCC patients
compared to chemotherapy alone (patient numbers: 256 vs.
256; median OS 8.6 vs 6.3 months; HR .70, P < .001).35 In
similar studies, nivolumab improved the OS of ESCC patients
with previous treatment history (patient numbers: 210 vs. 209;
median OS 10.9 vs. 8.4 months; HR .77, P = .019), as did
pembrolizumab (patient numbers: 198 vs. 203; median OS 8.2
vs. 7.1 months; HR .78, P = .0095).54,55 Based on the superior
clinical benefit conferred by tislelizumab to chemotherapy, the
Biologics License Application for tislelizumab in ESCC has
been accepted by the U.S. FDA.56 Moreover, there are ongoing
phase III studies. For example, RATIONALE 311/
NCT03957590 is comparing the effect of tislelizumab or
placebo plus concurrent chemoradiotherapy in Chinese ESCC
patients; NCT03783442 is comparing the effect of tislelizumab
plus chemotherapy vs. chemotherapy alone in global ESCC
patients.57,58 With the support of these studies, the future of
tislelizumab in ESCC is worth anticipating.

Efficacy of tislelizumab in CRC and colorectal cancer and
microsatellite instability-high/mismatch repair-deficient
tumors

Tislelizumab showed a satisfactory effect on CRC and
MSI-H/dMMR tumors. Microsatellite instability (MSI) is
caused by the deficiency of the DNA mismatch repair (MMR)
system, resulting from a germline mutation in MMR genes or
an epigenetic extinction of the MLH1 gene.59 Approximately
5% of metastatic CRCs are MSI-H/dMMR, and the dMMR
subset of CRC showed upregulation of at least five targetable
checkpoint molecules.59,60 Tumors with MSI/dMMR are
characterized by a high tumor mutational burden, with highly
infiltrated immune cells, and the MMR status in tumors could
predict the clinical benefit of immune checkpoint blockade
with PD-1 inhibitors.59,61 In a caucasian-predominant pop-
ulation with treatment-refractory diseases, pembrolizumab
achieved an ORR of 52.9% (9/17) and a DCR of 82.4% (14/
17) in MSI-H/dMMR solid tumors, and an ORR of 40.0% (4/
10) in MSI-H/dMMR CRC.61 The efficacy of tislelizumab in
MSI-H/dMMR tumors has also been investigated. The initial
ORR achieved by tislelizumab in previously treated MSI-H/
dMMR tumors was 18.8% (3/16) and that in CRC (5 of 21
were MSI-H) was 14.3% (3/21).23,27 In phase II
NCT03736889, the efficacy of tislelizumab was investigated
in 80 Chinese patients with previously treated, locally ad-
vanced, unresectable or metastatic histologically confirmed
MSI-H/dMMR solid tumors; the ORR determined by an in-
dependent review committee was 45.9% (34/74), and the DCR
was 71.6% (53/74); the ORR was 39.1% (n = 18/46) in CRC
and 57.1% (n=16/28) in non-CRC patients, and all evaluated
patients were MSI-H/dMMR.40 Due to the satisfactory anti-
tumor effect, the NMPA has accepted the listing application of
tislelizumab for the treatment of previously-treated, un-
resectable or metastatic MSI-H/dMMR tumors.9

Efficacy of Tislelizumab in Hepatocellular Carcinoma

Tislelizumab has proved to be effective in HCC patients, a
population with a continuously high unmet medical need.
Previous studies of nivolumab and pembrolizumab in global
populations have shown ORRs of 19.6% (42/214) and 17.3%
(18/104), respectively, in previously treated HCC
patients.62,63 Exploration of the therapeutic effects of tisleli-
zumab in global HCC patients who had received at least one
prior line of systemic therapy has yielded a result indicating an
ORR of 12.4% (31/249).34 Thus, the treatment of tislelizumab
in HCC was approved by the NMPA in June 2021, and by the
FDA in November 2019.8,52 In addition, a large, global phase
III study comparing tislelizumab as a first-line treatment in
patients with inoperable HCC (NCT03412773) is currently
ongoing.45

Efficacy of Tislelizumab in Nasopharyngeal Carcinoma

Tislelizumab produced an ORR of 20.0% in the treatment of
NPC. As of May 11, 2018, 20 Chinese NPC patients who have
received prior radiotherapy (20/20) and ≥1 line of systemic
treatment (19/20) were included and given tislelizumab
200mg intravenously q3w until unacceptable toxicity, consent
withdrawal, or no evidence of continued clinical benefit.36 Of
the 15 evaluable participants, 3 achieved complete remission
or partial remission.36 In comparison, the ORR for nivolumab
monotherapy in previously treated NPC patients was 20.5%
(9/44), and that for pembrolizumab monotherapy was 26.3%
(5/19).64,65

Efficacy of Tislelizumab in Other Settings

Tislelizumab has shown preliminary anti-tumor effects in
solid tumors when combined with ociperlimab, a novel, hu-
manized, monoclonal antibody that binds to Tcell Ig and ITIM
domain with high affinity and specificity. In a phase I study,
the combination of tislelizumab and ociperlimab resulted in an
ORR of 4.2% (1/24) and a DCR of 41.7% (10/24) in previ-
ously treated patients, without causing grade ≥4 treatment-
related adverse events (TRAEs).39 Besides, several trials in-
vestigating the effect of this combination are ongoing,66-69 the
results of which are worth expecting.

In addition to the above-mentioned studies, tislelizumab
is also undergoing clinical trials on various tumors.45 Most of
them (135/147) are located in China. The studied tumors
included HCC, urologic neoplasms, CRC, and lymphoma; in
these trials, tislelizumab was combined with different ther-
apeutic regimens, like ablation, bacillus calmette-guerin,
surufatinib, and lenalidomide.45 It is hopeful that these
clinical trials may bring about more indications for
tislelizumab.
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Safety Profiles of Tislelizumab

Although tislelizumab has shown preliminary efficacy in the
treatment of various tumors, it has inevitable adverse effects.
The criteria of adverse events across the studies were based on
the Common Terminology Criteria for Adverse Events from
the National Cancer Institute and included 5 grades, referring
to mild, moderate, severe, life-threatening adverse events, or
death, in an ascending order.70 Across the studies, the inci-
dence of TRAEs for tislelizumab monotherapy ranges from
46.7% to 97.1%, and the treatment-related death rate varies
from 0 to 4%; the incidence of TRAE-related death was
uniquely high for RATIONALE 302, but there were only
incomplete results, which are not eligible for detailed analysis
(Table 1).23,26-36

Overall, the safety profile of tislelizumab is not as good as
other well-studied checkpoint inhibitors but is acceptable. For
checkpoint inhibitors, the incidence of TRAEs varies between
54% and 76%.71 The incidence of grade 5 TRAEs for PD-1
inhibitors and PD-L1 inhibitors was .361% (33/9136) and
.63% (12/3164), respectively, in a pooled analysis.72 In the
phase I part of CTR20160872, no dose-limiting toxicity (DLT)
was observed; grade 3 or higher AEs were observed in 39.7%
(119/300) patients across the study, with 4.0% (12/300)
death.27 In NCT02407990, one DLT was observed during
dose escalation (grade 3 colitis in the 5 mg/kg q2w cohort);
grade 3 or higher AEs were observed in 43.9% (198/451)
patients, with 3.1% (14/451) of deaths.23 In the first reported
phase I study of nivolumab, TRAEs were observed in 69.9%
(207/296) patients, and grade 3 or 4 TRAEs occurred in 13.9%
(41/296) patients, with 1.0% (3/296) of drug-related deaths.73

In a phase I study of pembrolizumab, the data were 70.9%
(351/495), 9.5% (47/495), and .2% (1/495), respectively.49

Blood routine abnormalities and fatigue are important and
frequent TRAEs for tislelizumab. In the analyses of the most
common TRAEs across 9 prospective clinical studies with
complete results, fatigue is the most common TRAE in ti-
slelizumab monotherapy, and anemia is the most common
TRAE in combination therapy; for grade 3 or higher TRAEs,
anemia is the most frequent in tislelizumab monotherapy, and
decreased neutrophil count ranks the first among all TRAEs in
combination therapy (Table 2 and Table 3).23,26-33 In com-
prehensive meta-analyses, the most common all grade TRAE
and grade 3 or higher TRAE for PD-1/PD-L1 monotherapy is
fatigue, the most common all-grade TRAE for PD-1/PD-L1
plus chemotherapy is anemia, and the most common grade 3
or higher TRAE is neutropenia.74,75 Anemia ranks the second
in grade 3 or higher TRAEs for PD-1/PD-L1 monotherapy.74

The results indicate that fatigue and blood routine abnor-
malities are frequent adverse events in immunotherapy and
should be monitored on a regular basis.

Respiratory and hepatic events are the most frequent causes of
treatment-related death with tislelizumab. Among the 9 studies,
fatal TRAEs occurred in 7.23,26-33 In total, there were 12 fatal
events that are considered to be related to tislelizumab

monotherapy or tislelizumab combination therapy.23,27,29-33 In
most of the cases (9/12), the event was related to respiratory
failure/infection or hepatic injury; in the other 3 cases, the event
was related to brain edema, hydrocephalus, and “death”.23,29-33

This is consistent with a previous meta-analysis on fatal events
related to immunotherapy.76 In that analysis, anti-PD-1/PD-L1-
related fatalities were often caused by pneumonitis, hepatitis, and
neurotoxic effects.76 The results indicate that patients with related
underlying diseases should be treated with caution and carefully
monitored.

Discussion

Tislelizumab is a domestic PD-1 antibody in China with a
different antibody structure from traditional PD-1 antibodies,
which may optimize its anti-tumor effect.13,14,20 It was ap-
proved for the treatment of r/r cHL, UC, squamous NSCLC,
non-squamous NSCLC, and HCC by the NMPA, and for the
treatment of esophageal cancer, HCC, and G/GEJ by the
FDA.6-8,43,52 In addition, the preliminary effects of tisleli-
zumab have been investigated in several malignant tumors,
such as NPC, ESCC, CRC, and MSI-H/dMMR tumors, with
acceptable adverse effects.23,26-36 The studies with available
data are listed in Figure 2 and summarized in Table 1. Oth-
erwise, ongoing trials may provide references for new indi-
cations in the future.45

The flaw of this study is evident: comparisons between
studies could not be made directly because of the differences
in patients’ baseline characteristics. Patients in the tislelizu-
mab studies mainly included local Chinese, while those of
nivolumab and pembrolizumab involved other races. There
has also been no direct head-to-head comparisons yet with
other anti-PD-1 antibodies, like nivolumab and pem-
brolizumab. Thus, no conclusions can be drawn in terms of the
superiority or inferiority in anti-tumor effects among these
drugs.

The inherent value of this study is obvious. Since cancer is
a major health issue in China and worldwide, ranking the
second in the causes of death globally, there is a hugely unmet
need for anticancer drugs.77 Although the PD-1/PD-L1 in-
hibitors pembrolizumab, nivolumab, atezolizumab, and dur-
valumab have been approved in China, the economic burden is
heavy.78 Recently, the NMPA has included tislelizumab in the
medical insurance catalogue and lowered its cost.79 The
overall costs of tislelizumab may differ slightly in different
regions but is overall lower than those of the other 4 drugs
mentioned above with the patient assistant program.80 The
cost-effectiveness of tislelizumab in various tumors has not yet
been analyzed. However, due to its preliminary efficacy in
various solid tumors and its relatively low price in the market,
this drug could provide tumor patients with a new weapon and
alleviate the economic burden. Tislelizumab also has ad-
vantages compared with other domestic PD-1 antibodies:
some studies involved patients from other countries, which
makes the result of them more applicable to other races.23,26,31
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As the studies continue, tislelizumab could be expected to be
approved in more settings and allowed to achieve
globalization.

Conclusion

As a modified PD-1 inhibitor, tislelizumab has shown ther-
apeutic effects in the treatment of various cancers and has been
generally well-tolerated. While monotherapy exhibited pre-
liminary anti-tumor effects, combination therapies also
showed new promise and remain to be further investigated.
The introduction of tislelizumab could provide clinical on-
cologists with a relatively economical choice in the battle
against tumors, and may alleviate the burden of tumor
patients.
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